Abstract. The first, self-consistent calculations of the cosmological H 2 dissociating UV background produced during the epoch of reionization (EOR) by the sources of reionization are presented. Large-scale radiative transfer simulations of reionization trace the impact of all the ionizing starlight on the IGM from all the sources in our simulation volume down to dwarf galaxies of mass ∼ 10 8 M ⊙ , identified by very high-resolution N-body simulations, including the self-regulating effect of IGM photoheating on dwarf galaxy formation. The UV continuum emitted below 13.6 eV by each source is then transferred through the same IGM, attenuated by atomic H Lyman series resonance lines, to predict the evolution of the inhomogeneous background in the Lyman-Werner band of H 2 between 11 and 13.6 eV.
SUPPRESSION OF MINIHALO POP III STAR FORMATION BY H 2 DISSOCIATING UV BACKGROUND
Simulations suggest that first stars formed inside minihalos of mass M ∼ 10 6 M ⊙ at z ∼ > 20, when H 2 cooled the primordial, metal-free halo gas and gravitational collapse ensued. Formation of first stars inside minihalos, however, is suppressed when H 2 cooling is suppressed due to a strong H 2 Lyman-Werner(LW) band radiation field. This process occurs when the LW intensity J LW exceeds the threshold LW intensity (J LW ) threshold , which is usually set by requiring that cooling time equals the dynamical time (e.g. Haiman, Rees & Loeb 1997) .
It is important, therefore, to correctly calculate the rise of H 2 dissociating background in the Universe. Earlier estimates (e.g. Haiman, Abel & Rees 2000) found that sources of reionization made J LW > (J LW ) threshold long before reionization is complete, thus sterilizing minihalos before they could contribute significant reionization.
The LW background intensity would show spatial fluctuation due to the inhomogeneous distribution of reionization sources. However, previous calculations are based upon a homogeneous universe approximation. In these calculations, the sources and the IGM opacity were both uniformly distributed, in space with uniform emissivity given either by analytical approximation (e.g. Here we present the first self-consistent radiative transfer calculations of the inhomogeneous LW background produced by the same sources which reionized the universe in a large-scale radiative transfer simulation of reionization. We show that the fluctuation is significant enough to induce widely-different evolutionary history in the first star formation in different parts of the Universe.
A METHOD TO CALCULATE THE INHOMOGENEOUS LW BACKGROUND DURING EPOCH OF REIONIZATION
Calculating the inhomogeneous build-up of the LW background is computationally challenging. First, the mean free path for LW photons (∼ 100 cMpc) is much larger than the mean free path for H ionizing photons. We need to account for sources distributed over large volume and look-back time. Second, LW band photons redshift and get attenuated by H atom Lyman series resonance lines as they travel through the expanding universe. This requires a multi-frequency radiative transfer calculation in a cosmological volume ( ∼ > (100 cMpc) 3 ), which is very expensive computationally.
We have developed a simple, yet accurate method FIGURE 1. "picket-fence" modulation. A source observed at different places suffers different amounts of attenuation, dilution, and redshift. As continuum (flat-spectrum assumed) photons redshift, all the photons which have redshifted to H atom resonance lines are turned into low-energy photons. This leaves gaps in observed spectrum, which depend on the distance to the source. The modulation factor (right panel) is the effective transmission rate, which drops as the distance increases, until source is completely attenuated at r cMpc = 92 [(1 + z)/21] −0.5 . With this modulation factor, we are able to compute LW intensity without costly multifrequency calculation.
to calculate the radiative transfer of LW band photons, which alleviates the need for a multi-frequency calculation. This is achieved by using a pre-computed modulation factor, expressed in terms of the comoving distance between a source and an observer, that accounts for the attenuation of LW band photons from a single source. We call this a "picket-fence" modulation factor f mod , after the shape of the LW intensity J ν which is composed of both attenuated and unattenuated parts (Fig. 1) . The picket-fence modulation factor is computed by averaging a normalized J ν (at r cMpc (z s , z obs )) over frequency in the range of [11.5 -13.6] eV. At a given point in space, one then looks back in time to search for sources located inside the LW band horizon (∼ 100 cMpc). For each source found this way, a "bare" flux is obtained from its luminosity L ν and the luminosity distance, which corresponds to a flux in an optically thin limit. This is then multiplied by f mod to account for the attenuation by H atom Lyman series resonance lines. Since f mod is a function of the comoving distance only, an expensive multi-frequency calculation is not required. When looking back in time for contributing sources, we draw past light-cones in order to account for the retarded time effect due to finite light-crossing time (Fig.  2) . Sources are distributed in a discrete sense in time, following our reionization simulations results (e.g. Iliev et al. 2007 ).
INHOMOGENEOUS LW BACKGROUND
In order to calculate inhomogeneous LW background, we use "self-regulated" reionization simulation results by Iliev et al. (2007) . Their radiative transfer calculation is based upon an N-body simulation (1624 3 particles FIGURE 2. Conformal spacetime diagram, to be used to calculate source contribution from cosmological distances. Each source contributes LW flux of f mod L/D 2 L , where L is luminosity, D L is the luminosity distance to the source, and f mod is the picketfence modulation factor which accounts for IGM opacity. This scheme naturally accounts for the finite light-crossing time of radiation. and 3248 3 cells) result which provides the source catalogue for H-ionizing radiative transfer calculation. This resolves halos of mass M/M ⊙ ∼ > 10 8 , thus accounting for all atomic cooling halos in the (50 cMpc) 3 volume. Source formation is self-regulated: formation of sources inside small-mass halos (10 8 < M/M ⊙ < 10 9 ) is suppressed if H II regions overtake their formation sites. We then use a coarse-grained mesh (203 3 cells) to calculate the fluctuating LW radiation field. To account for the large LW band horizon, we distribute sources periodically around the box where the LW background is calculated. Fig. 3 summarizes our result on the global ionized fraction < x > and the mean LW intensity < J 21 >. We find that < J 21 > is dominated by small mass halo contribution initially, while at later epoch by large-mass halo contribution in this case. By the time large mass halos become important, most of small mass halos are already inside H II regions and get sterilized. If reionization source properties were different from our illustrative case, however, especially in f esc and N i /N diss , the same < x > would not mean the same J 21 , in general.
A significant inhomogeneity in the LW background is apparent, with fluctuation scale of a few -∼ 10 cMpc (Fig. 4) . This is due to a highly-clustered source distribution, which shows a fluctuation scale of a similar kind. This will induce an inhomogeneous LW feedback, hence inhomogeneous minihalo star formation rate. The most pristine environment will be found where the most active minihalo star formation activity occurs. Those sites would exist where the LW intensity becomes minimum, as shown in Fig. 4 . These first-star forming regions during the epoch of reionization might be detected by upcoming telescopes such as the James Webb Space Telescope (JWST). 
